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ABSTRACT

In studies designed to introduce mutations into selected animal cell
lir.es in culture, cell lines derived from the Syrian hamster were found
to be naturally resistant to 8-azaguanine. Resistance to the drug was
measured by plating colony-forming units at different drug concentzations
and determining the concentration at which 50% of the cclony-forming units
iorrmed colonies. By thi technique it was shown that KB cells (human) and
L cells (mouse) have approximately the same susceptibility to 8-azaguan•Pe
as reported by others for L, D98 (human), and P388 (mouse). On the ot..r
hand, both P113, a polyome-transformed derivative of embryonic hamster
kidney, and BHK2lCI3, an untransformed h6i"er ceil displaying contact
inhifo-•, nrnvpr d 50 t4mwpe mnre resistant than tbh cell lines of human
and murine origin. The higher resistance of the tiaoster cells to 8-
azaguanine is specific, since these cells are still susceptible to the
unrelated drug 5-bromodeoxyuridine. Preliminary results suggest that the
basis for-natural resistance is not loss of inosinic-guanylic acid
pyrophosphorylase activity, because the cells form colonies under condi-
tions in which growth depends on an exogenous supply of hypoxanthbne
(HAT medium). The naturally resistant hamster cells therefore resemble
the mutant D98/AG described by Szybalski.
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NATURAL RESISTANCE OF HAMSTER CELLS TO 8-AZAGUANINE

In our laboratory we have been characterizing several animal cell
lines for drug susceptibility preparatory to the selection of specific
enzyme-deficient mutants. We have been primarily interested in mutants
deficient in inosinic-guanylic acid pyrophosphorylase activity that display
resistance to 8-azaguanine as a consequence of enzyme loss, and in mutante
deficient in thymidine kin'-!e ativity that display resistance to 5-
bromodenyr•ridine.

Susceptibility was determined by plating cells in Eagle's medium con-
taining the drug and counting the number of colonies that formed in the
nrPR:erc and absence of the drug. The number of cells forming colonies

in the presence of the drug divided by the numbur Pt -riis. formIng colonies
in the absence of the drug is expressed in per cent as the relative plating
efficiency. By plotting graphically the relative plating efficiency .at
different concentrations of the drug, it is possible to determine the con-
centration of the drug that gives a relative plating efficiency of 50% or
the LDo concentration of the drug. Data for the susceptibility of cell
lines to 8-azaguanine were available in the literature for mouse strain
L cells, mouse strain P388,1 and human strain DPo.s All of these cells
were inhibited 507 by drug concentretions between 2 x I0T and 4 x IT' M
8-azaguanine.

We first teste4 L cells and F (human) cells. The data are shown in
Tables 1 and 2. Each value represents the average of five dishes. By
pl6tting the data of Tables 1 and 2 graphically, it can be shown that
the LD•o concentration of 8-azaguanine for L cells is about 2 x 1T7• M
and that the LDW concentration for K3 cells is about 4 x l0r2 M. Table 3
compares the data for L cells with those published in the literature for
P388 and D98. The LW0o concentrations are similar.

We next examined a hamster cell called P113, which was isolated by
Dr. Defendi* after polyoma infection of embryonic hamster kidney. This
cell line was unaffected by concentrations of 8-azaguanine that completely
eliminated populations of L or UI cells. ly employing increasing concen-
trations of the drug we found that 2 x IT" M 8-azaguanine was necessary
to halve the plating efficiency of this cell. To test a possible associa-
tion between 8-azaguanine resistance #nd polyoms transformation, we
examined a so-called normal hamster cell, S1WC13.a However, the latter
proved to be resistant at the saw level of drug as the transformed line.
This is shown in the fourth table. The increased resistance of the hamster
cells to 8-axaguanine is specific, since these cells are still highly
susceptible to the unrelated drug 5-bromodeoxyuridine. Preliuinary

t Dr. Vittorio Defendi, Wistar Institute, Pbil&adlpbia, Pa.
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results suggest that the basis for natural resistance is not the loss of
inosinic-guanylic acid pyrophosphorylase activity because the cells form
colonies under conditions in which growth depends upon an exogenous supply
of hypoxanthine in the medium (hypoxanthine, aminopterin, thymidine).
Growth in HAT medium is considered to be an indirect test for the enzyme
function. It thus seems that the naturallV resistant hamster cells
resemble the mutant described by Szybalski as D98/AG, which is resistant
to 8-azaguanine but possesses the pyrophosphorylase function. Attempts
to select enzyme-deficient mutants from the hamster cells are in progress.
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TABLE 3. SUSCEPTIBILITY O 0,LntZRENT CELL LINES

TO 8-AZAGUANINE

Drug Relative Plating Efficiency. 7I survival

Concentration L P388A/ D98A/

i x 10-7 m 88.4 90 -

3 x 10 7  30.7 59

5 x 10 0.31 10 -

8 x 10- 0 0 50

1 x 1l- 0 0 -

a. Information from Bradley et al.*
b. Information from Szybalska and Szybalski.

TABLE 4. DRUG SUSCEPTIBILITY OF CELL STRAINS

LI). Concentration of Dru a/

8-azaguanine, 5-bromod oxyuridine,
Cell 1-r solar 1 solar

Mouse strain L 4.5 17.0

Human strain KB 4 8.5

Syrian hamster strain 113 200 2.5

BHK21Cl3 200 -Db/

a. Concentration of drug permitting 50% relative plating efficiency
compared with plating in absence of drug. All determinations in
Eagle's medium containing 10% calf serum.

b. ND - Not determined. p

II

-I--



11

LITERATURE CITED

1. Bradley, T.R.; Roosa, R.A.; ',a, L.W. 1962. DNA transformation
studies with maalian cells in culture. J. Cellular Comp. Physiol.
60:127-137.

2. Szybalska, E.H., Szyblakt, W. 1962. Genetics of human cell lines:
IV. DM-mediated heritable transformation of a biochemical trait.
Proc. Nat. Acad. Sci. 48:2026-2034.

3. Ma-.pherscn, I., Stoker, M. 1962. Polyoma transformation of hamster
cell clones - an investigation of genetic factors affecting cell
competence. Virology 16:147-151.

fipbsa"

~nf~s ~t



la S I ied

DOCUMENT CONTROL DATA - R&D

A. S. ,rmy 1ý o iogi cal L,ahorat o t es /I. . 1.i. - _i . ..
Fort l)etrick. Frederick. Naryland, 21701 21h Gro,

3 rIEPORT TITLE

NATURAT. RESTSI'\NCt; OF IIAMSTER CELLS TO 8-AZAGUANTNE

4 OESCRIPTIVE NO-FS lr'e ,i l rp .4 ,nch#er P ,,te.)

S AUTHORS' )L,,. ,•enf. Ivl -Mr ,,,.m~., irt•dl)

Richter. Alan

6 REPORT DATE 7a TOTAL NO OF PAGF5 f7b NO 0" IFFS

July 1965 14 3
1m (NIRAC I OR GRANT NC 9a ORIGINATOR'S REPORT NUMBFR(•)

.o, I0.) C? No LI01300LA91A Technical Manuscript 230

91i. ON7ER REPORT NO(S) (Any other r umhern thea mav he eanitge
thin report)

10 AVAILABILITY,'LIMITATION NOTICES

Qualified requestors may obtain copies of this publication from DDC.

Foreign announcement and dissemination of this publication by DDC is not authorized.
Release or announcement to the public is not authorized.

11 SUPPLEMENTARY NOTES 112. SPONSORING MILITARY ACTIVITY

U.S. Army Biological Laboratories

Fort Detrick, Frederick, Maryland, 21701

13 AFSTRACT

In studies desigred to introduce mutations into selected animal cell lines
in culture, cell lines derived from the Syrian hamster were found to be naturally

resistant to 8-azaguanine. Resistance to the drug was measured by plating colony-
forming units at different drug concentrations and determining the concentration

at which 50% of the colony-forming units formed colonies. By this technique it

was shown that KB cells (human) and L cells (mouse) have approximately the same
susceptibility to 8-azaguanine as reported by others for L, D98 (human), and
P388 (mouse). On the other hand, both P113, a polyoma-transformed derivative

of embryonic hamster kidney, and BHK21CI3, an untransformed hamster cell display-

inr, contact inhibition, proved 50 times more resistant than the cell lines of
human and murine origin. The higher resistance of the hamster cells to 8-
azaguanine is specific, since these cells are still susceptible to the unrelated
dri•i, 3-hromodZoxvuridine. Preliminary results suggest that the basis for
tat.oral resistance is not loss of inosinic-guanylic acid pyrophosphorylase
activity, because the cells form colonies under conditions in which growth
d,,p•.•d! on an exogenous supply of hypoxanthine (HAT medium). The naturally
r-,, Iratnt hamster cells therefore resemble the mutant D98/AG described by
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